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Abstract 
When the packing sand particles along with the sand carrier enters into the formation, the movement state 
of them has great effects on the performance of high pressure packing sand control, which is also the crux 
of the research on high pressure sand control mechanism. While packing sand particles passing the well 
bore, blast hole and annular space, the stress and the movement of them are analyzed based on the solid-
liquid two-phase flow theory. What’s more, the relations between the maximum acceleration distance, the 
jet velocity, and the flow of sand carrier are obtained. It is indicated that the settling velocity is equivalent 
when the packing sand particles pass the well bore; the distance is short when the coarse sands outside of 
the casing pipe move in the radial direction; the acceleration distance of packing sand particles is shorter 
than the bore depth. 
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1. Introduction 
Packing sand control is that viscous sand carrier carries the certain size sands to the cavity of 
formation where sands flow, and the sands deposited and consolidated can build up a barrier wall to stop 
formation sand production. Recently, the study on the packing sand control is  focusing on the reason of 
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sand flow, the mechanics of preventing sand production, and the procedure of construction [1-3]. 
However, the studies on the movement of packing sand particles and the interaction between particles and 
formation are less. This paper analyzes the rheological property of hydroxypropyl guar solution which is 
commonly used as sand carrier and the movement of packing sand particles which are analyzed by the 
solid-liquid two-phase flow theory while the sands pass the well bore, blast hole and annular space [4]. 
2. The rheological property of hydroxypropyl guar solution 
Hydroxypropyl guar solution is commonly used as sand carrier; its rheological property should be 
studied before the law of motion of packing sand particles in high pressure packing sand control operation 
is studied. Fig.1 depicts the rheological curves of different concentration hydroxypropyl guar solution. 
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(a)temperature-20℃                                                                        (b) temperature-45℃ 
Fig.1 rheological curves of hydroxypropyl guar solution 
Fig.1 shows hydroxypropyl guar solution is pseudoplastic fluid with shear-thinning properties. If the 
temperature is constant, the concentration increases and the shear stress under the same shear rate 
increase. If the concentration is constant, the temperature increases and shear stress under the same 
shearing rate decreases. 
3. The movement of packing sand particles while they pass the well bore 
When particles fall, they suffer resistance caused by friction and collision among the particles and 
between particles and wall; at the same time, they also suffer resistance caused by extra upstream which 
is generated by fallen particles replacing fluid, during the high pressure packing sand control operation. 
The resistances are related to the concentration of particles. When concentration of particles increases, 
the falling velocity decreases. When the concentration of particles is identical, the particles are finer, the 
number of particles increases, the particle surface areas increase, the friction and collision among 
particles increase, the resistance increases, and the falling velocity decreases. 
When packing sand particles pass the well bore, the accelerated motion of them can be divided into 
two periods. During the first period, the acceleration of particles reaches to the velocity of the flow, when 
they overcome the wall resistance caused by the gravity of particles and the thrust of flow. During the 
second period, the final velocity of particles will be constant, while they overcome the resistance from 
flow and wall under the influence of the gravity. 
Take particles at the length of Δaccelerated phase to analyze. They will be in the accelerated phase 
under the effect of thrust of flow R, wall resistance Tf and gravity Msg. Assume there is no glide motion 
among particles, according to the Newton's second law, the force balanced equation is: 
t
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Integrate equation (4) can get the length from the velocity of particles at the entrance to vs which is 
accelerated. 
Packing sand particles belong to the bigger particles. At first, the particles move in the Allen solid and 
liquid decreases, and the particles move into the Stokes accelerated
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When the particles reach the max velocity, the acceleration of particle is 0, the final velocity of 
particles is: 
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By calculating we can know that the acceleration length of particles is very short, and they mainly do 
falling motion at the final velocity vm. 
4. The movement of packing sand particles while they pass the annular space 
The velocity of sand carrier while they pass the blast hole is: 
nd
Qu p 2
4
π
                                                                                                                                                  (8) 
Where, Q is the flow rate of sand carrier, n is the number of blast hole, d is the diameter of blast hole. 
The radial direction velocity decrease with the distance of movement increasing, after the sand carrier 
passing the blast hole, and the velocity is: 
rL
Qu
π2
                                                                                                                                                    (9) 
The particles outside of the casing pipe will move in the horizontal radial direction, and do accelerated 
falling movement under the influence of gravity, buoyant force and flow resistance. 
4.1. The falling movement of packing sand particles 
Assume the particles are spheroid, and that the initial falling velocity of them is 0, the particles do 
accelerated falling movement under the influence of gravity, buoyant force and flow resistance. 
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According to the Newton's second law, the motion equation is: 
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The length of particles’ movement is very short when they do accelerated falling movement, so C can 
be instead by Cn, and the reduced equation is: 
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Integrate equation (11) can get the equations of free falling’s length of particles which is: 
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By developing equation (12) we can get equations of free falling’s time of particles which is: 
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4.2. The horizontal movement in radial direction of packing sand particles 
the horizontal radial direction of particles is (Assume the flow is 
steady.):
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(14) 
When we use C of the Newton the distance of translation in radial direction is calculated with the 
particles doing falling movement 
Assume the velocity of sand carrier moving inradial direction is equal to that of particles, the distance 
of particles moving in radial direction is: 
2
wrtL
Qr 
π
                                                                                                                                          (15) 
Where, rw is the external diameter of the cement sheath. 
By substituting (9) into (15) we can get the length of particles moving in the horizontal radial direction 
as the free falling’s length of particles is y. 
Fig.2 depicts the length of different size particles carried by hydroxypropyl guar solution (4000mg/L) 
moving in radial direction, when they pass the cement sheath, external diameter of which is 95mm, and 
the length of perforated interval of which is 2m. 
Fig.2 shows that the depth of deposition in the cavity out side of cement sheath is between 0.2~0.4m, 
because of slipping and falling of packing sand particles. With the particles continuously filling into the 
cavity out of cement sheath, the bottom of the productive interval and immediate vicinity of well bore are 
filled by particles firstly. As a result, the open area decreases, and fluid velocity increases. And the 
mixture flows to top of the productive interval and depth of formation, which will carry more particles to 
fill the cavity of formation, and eventually the cavity will be filled. The moving distance of coarse sands 
is short; the moving distance of fine sands is long.  
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Fig.2 depth of different size particles moved in radial direction with hydroxypropyl guar solution  
The sand retention wall formed by this model not only can effectively stop the formation sand 
production, but also makes the flow characteristics more reasonable during the production. Because the 
sand retention wall formed by fine sands is in depth of formation where the currency area is larger, and 
the sand retention wall formed by coarse sands is near the well bore. 
5. The movement of packing sand particles while they pass the blast hole 
The particles are accelerated by sand carrier when they pass the blast hole. The particles do accelerated 
motion under the influence of flow motive force and the resistance force of the wall of blast hole. 
According to the Newton's second law, the accelerated motion equation in horizontal is: 
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Assume the flow is in the Stokes integrate equation (16) we can get 
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Where, )2( gdB nsv , BuH p41 .  
We can calculate that the accelerated distance of particles is less than 170mm (Fig.3). That is less than 
the deepness of blast hole which is commonly more than 200mm. There are more particles out of the 
casing pipe moving in high speed, and they attack formation particles. If the impact force reaches a 
constant, the inherent skeleton structure of the reservoir will be damaged, because of weakly cement 
among formation particles losing the consolidated ability when they suffer damage. A new sand retention 
wall will be built with the follow-up packing sand particles filling in. The packing sand particles combine 
formation particle to prevent formation from producing sand. 
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Fig.3 the relationship between the maximum acceleration 
distance and the flow of sand carrier in different perforation 
length (particle diameter is 1.2mm) 
Fig.4 the relationship between the jet velocity and the flow of 
sand carrier in different perforation length (particle diameter is 
1.2mm) 
If the deepness of blast hole is enough to make the particles reach the max jet velocity (acceleration is 
0), we can get the max jet velocity of particles. It is: 
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The common formation cement will be destroyed when the least jet velocity that is obtained by 
theoretical analysis is over 4.39m/s. During the packing sand control operation, the cement and the 
formation particle will suffer impact continuously. Under the condition of high pressure and high flow, it 
will develop tremendous impact force. Fig.4 shows that with the packing area decreasing the jet velocity 
can destroy the skeleton structure of the reservoir, under the design operational mode. 
6. Conclusion 
(1) Hydroxypropyl guar solution is pseudo plastic fluid with shear-thinning properties. 
(2) By calculating we know that the acceleration length of particles is very short, and they mainly do 
falling motion at the final velocity vm=v+v0, when the packing sand particles pass the well bore. 
(3) The moving distance of coarse sands out the casing pipe is short in the radial direction; however, 
the moving distance of fine sands is long in the same direction. 
(4) The accelerated distance of packing sand particles is less than the depth of blast hole. The particles 
enter into the cavity of formation with high jet velocity, and this can destroy the skeleton structure of the 
reservoir. 
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